ABSTRACT. In studies of sessile organisms on intertidal boulders on 2 rock platforms near Sydney, Australia, the green alga Ulva lactuca and the tubeworm Galeolaria caespitosa were usually more abundant on one shore (Cape Banks). A likely explanation for this pattern was the difference in rocktype between the 2 shores -boulders were sandstone at one shore (Cape Banks) and shale or latente at the other (Long Reef). Experiments showed this explanation to b e correct, though not complete, for U. lactuca but incorrect for G. caespitosa. Further, a common spirorbid, normally equally abundant on both shores, settled and/or survived better on shale/ laterite. These results illustrate the dangers of drawing conclusions about processes based simply on observations of patterns.
The aims of ecology are often broadly expressed as the explanation of the distribution and abundance of species and the structure of natural communities (e.g. Andrewartha & Birch 1954 , Collier et al. 1973 . One method commonly used to test the effects of a factor on a species or community is the so-called 'natural experiment' (Connell 1972 , Diamond 1986 ). In such 'experiments', the abundance of the species, or the diversity of the community, is compared among places or times which differ in the intensity of the factor of interest. In the simplest cases only 2 places or times are compared. For example, the effects of water depth on the macroinvertebrates living on algae could be 'tested' by comparing abundances on algae from deep and shallow sites (e.g. Edgar 1983 ), or the effects of sand on intertidal algae by estimating the percentage cover of the algae before and after burial (e.g. Seapy & Littler 1982) .
Several authors have pointed out the weaknesses of this approach, noting that its validity rests on the tenuous assumption that the places or times differ only in the intensity of the selected factor (Connell 1972 , Paine 1977 , Underwood 1984 . Further, it is always assumed that an observed difference between places in a factor (e.g. sand) causes, or exaggerates, differences between the places in the structure of the community (e.g.
O Inter-ResearcWPrinted in F. R. Germany abundance of algae). The possibility that complex interactions among factors confuse or obscure patterns, and reduce differences in the community among places, is rarely considered. Though these criticisms have often been made, few studies have shown them to be important in practice, and this may be the reason that some ecologists still place great reliance on the results of 'natural experiments' (e.g. Diamond 1986 , Miller 1986 ). The aim of this note is simply to demonstrate how such 'experiments' can lead to quite erroneous conclusions.
Patterns in the abundance of species. Abundances of sessile species on intertidal boulders low on the shore (0.25 m above Mean Low Water) on 2 rock platforms on the east-coast of Australia, near Sydney, were estimated as part of a n extensive study of the ecology of these communities (McGuinness & Underwood 1986 , McGuinness 1987a , b, 1988 . One of the commonest algae was the green, ephemeral Ulva lactuca Linn., which occupied the entire upper-surface of some boulders. Four animals common on the undersides of rocks were the barnacle Tetraclitella purpurascens (Wood), the tube-building polychaete Galeolana caespitosa Savigny, and the spirorbids Janua pseudocorrugata Bush and Pileolaria pseudornilitaris Thiriot-Quievreux (the latter 2 species could not be distinguished reliably in the field and are referred to below as 'spirorbids').
Recruitment and subsequent abundance of these species were examined by placing initially bare boulders of different sizes at 3 sites on each shore (details in McGuinness 1987a). Ten replicate boulders were placed in each site in August 1981; another 5 replicates were added 6 mo later in February 1982. At several later times, the percentage cover of Ulva lactuca on the tops of rocks, and the densities of Galeolaria caespitosa, the spirorbids and Tetraclitella purpurascens on the undersides, were estimated (percentage cover using random points and densities using quadrats; 1986 ). Animal covariance (ANCOVA) to take the relation between densities were usually positively correlated with rock density and rock-size into account (Huitema 1980) . The size (estimated as surface-area). Densities were, therepercentage cover of U. lactuca was unrelated to rockfore, compared among shores and sites using analyses of size, so there was no need to use ANCOVA, and analyses of variance (ANOVA) were used (Winer 1971) . Separate analyses were done for each sampling time.
The abundance of Ulva lactuca varied greatly over time (Fig. la) . In general, percentage cover on boulders on the 2 shores was similar when small, but when mean cover was great it was much greater at Cape Banks (Fig. la, Table 1 ). In contrast, the spirorbids recruited slightly faster onto boulders at Cape Banks but reached similar densities on the 2 shores after about 100 d (Fig.  lb , Table 1 ). Galeolaria caespitosa showed a different pattern: once there was any settlement the wonn was much more abundant at Cape Banks (Fig. 2a , Table 1 ).
Finally, Tetraclitella purpurascens varied greatly in abundance with no difference between Cape Banks and Long Reef (Fig. 2b , Table 1 ). In summary, the spirorbids and T. purpurascens were generally similarly abundant on the 2 shores, G. caespitosa was much more abundant at Cape Banks, and U. lactuca, when present, covered more space at Cape Banks (these patterns are summarised in Column 1 of Table 2 ). Hypotheses to explain patterns. An obvious difference between'the 2 shores which could account for the greater abundance of Ulva lactuca and Galeolaria caespitosa at Cape Banks was the type of rock present.
The boulders at Cape Banks were, almost without exception, sandstone, whereas those at Long Reef were laterite or, more usually, shale. The sandstone was light in colour with large grains (0.1 to 2.0 mm in diameter), whereas laterite and shale were dark and had smaller grains (< 0.01 mm; Chalmers 1969 Crisp 1976), although one field study indicated no such effect for a n Australian barnacle (Caffey 1982) . The colour of the rock could affect heat-retention, influencing the desiccation stress experienced by algae. U. lactuca does grow faster when less stressed (Underwood 1980, Underwood & Jernakoff 1984). The patterns in the abundance of U. lactuca and G. caespitosa could, therefore, b e d u e to greater settlement and/ or survival of these species on sandstone than on shale. The spirorbids and Tetraclitella purpurascens are, of course, assumed to b e unaffected by rock-type (these hypotheses are summarised in Column 2 of Table 2 ). Tests of hypotheses. These hypotheses were tested quite simply by placing 8 bare sandstone rocks (from Cape Banks) and 4 shale and 4 laterite rocks (from Long Reef) in the low shore area on each platform (the 4 shale and 4 laterite rocks together made 8 'Long Reeftype' rocks -there were no differences between these 2 rock-types in abundances of specles; McGuinness & Underwood 1986). The rocks were put out on 27 July 1983 at Long Reef and on the follo~ving day at Cape Banks (at Site 2 In both cases). The results of this experiment were reported by McGuinness and Underwood (19861, but they concentrated on the effects of rock-type on each shore and did not discuss the differences between shores which are important here.
The effects of rock-type were, in some cases, quite contrary to those predicted. Ulva lactuca did settle and/ or survive better on sandstone than on shalenaterite at both shores, and the difference in cover was substantial, averaging about 32 % (Table 3) . The spirorbids were, however, significantly more abundant at Cape Banks on shaleAatente than on sandstone after 86 d (Table 3) . A similar pattern seemed to be developing by 131 d at Long Reef. Galeolaria caespitosa and Tetraclitella purpurascens were not affected by rock-type (Table 3) . Thus, the effects of rock-type on settlement and/or survival were as predicted for onIy 2 of the 4 species, U. lactuca and T. purpurascens (Column 4 in Table 2 ). G. caespitosa did not become more abundant on sandstone, as predicted, and, if anything, settled and/or survived better on shaleAaterite (Table 3) . Furthermore, an effect of rock-type on the spirorbids was observed (density more than doubled) when no such effect was predicted (Columns 2 and 4 in Table 2 ). In hindsight, some of these 'unpredicted' results probably resulted, at least in part, from the burial of rocks in sand, a process which was less common at Cape Banks than at Long Reef (because there was less sand; McGuinness 1987a). Other experiments showed that even slight burial reduced the recruitment of undersurface species, such as the spirorbids, G. caespitosa and 
T. purpurascens (McGuinness 1987b
). Thls might have counteracted the tendency of the spirorbids, and perhaps G. caespitosa, to settle or survive better on the type of rock naturally present at Long Reef. It is instructive to consider what the abundances of these species on the 2 shores might have been if boulders on both were the same type of rock. This can be done simply by comparing the abundance of the species on sandstone at Cape Banks and shale/laterite at Long Reef (that is, the natural situation; Column 1 of Table 4 ) with its abundance on either sandstone at Cape Banks and Long Reef (Column 2), or shale/laterite (Column 3) at Cape Banks and Long Reef. In most cases, the difference in the abundance of the species between the shores would have been numerically greater if boulders on the 2 platforms were of the same rock-type (Table 4) . For example, after 86 Ulva lactuca covered 34 % of the surface of the sandstone boulders at Cape Banks and 47 % of the shale boulders at Long Reef, a difference of 13 %. If, however, boulders on both shores were sandstone then the difference would have been 52 % (comparing cover on sandstone boulders in the experiment on the 2 shores). Likewise, if the 2 shores had shale/laterite boulders then the difference between them in cover would have been 42 %. In other words, the difference in type of rock reduced the difference in abundance between the 2 shores (though this comparison is probably not reliable for the undersurface forms at 131 d).
This is in complete contrast to the conclusions of 'natural experiments' which always assume that a difference in some factor between places causes differences between the places in the abundance of species. In the present case, the direction and magnitude of differences between Cape Banks and Long Reef probably depended on the intensity of recruitment to the 2 shores, as well as any effects of rock-type. Variations in settlement, or changes in survival for other reasons (e. g. grazing or differences in local weather), could obscure differences between shores and offset the tendency for a greater cover of Ulva lactuca to develop on sandstone. During the experiment, for example, the abundance of U. lactuca was great but similar on sandstone at Cape Banks and shale/latente at Long Reef, in contrast to previous observations (Column 3 of Table 2 ; Table 3 ).
Conclusions. My results clearly demonstrate the dangers of drawing conclusions about processes based solely on interpretations of 'natural experiments': unrecognised factors can and do act to violate the underlying assumptions. It is worth noting that the importance of rock-type for the spirorbids would have gone entirely unnoticed if the experiment had not been done. There was no pattern to indicate that such an effect was present. Thus, even the lack of a correlation between, say, the abundance of a species and the intensity of some factor may not reliably indicate that the factor does not influence the abundance of the species. This is not an isolated case. I also sampled the species-area patterns of these boulders to determine if the diversity of assemblages on rocks of different sizes varied in a fashion consistent with the effects of disturbance by overturning (which is known to be greater for small rocks; Osman 1977 , Sousa 1979 , McGuinness 1984 . On the basis of this analysis of patterns, I concluded that disturbance by waves did not influence the number of sessile species on the undersides of rocks high on the shore at Cape Banks (McGuinness 1984) , but experiments subsequently showed this inference to be false (McGuinness 198713) . A possible explanation for the discrepancy is that the disturbance may have resulted from the movement of rocks, whether or not they were overturned, and further studies showed this type of disturbance to be similar for rocks of all sizesan unexpected result (McGuinness 1987a).
Examples of errors which might have been made, were experimental evidence not available, are becoming more common. Dayton (1973) showed that patterns consistent with 2 aspects of competition theory actually had quite different causes. Schroder & Rosenzweig (1975) tested previous ideas that 'habitat specializat i o n~, food habits, and species diversity of desert rodents . . . were molded by interspecific competition'. Their experiments on kangaroo rats revealed 'a strong element of intraspecific competition with little or no evidence of competition between the species'.
T h e s e results refute r e c e n t suggestions t h a t 'natural expenments' a r e superior to manipulative e x p e r i m e n t s ( D i a m o n d 1986, Miller 1986 ). But, a s D i a m o n d (1986) h m s e l f notes, the inference involved i n ' n a t u r a l e x p e r im e n t s ' ' b e a r s t h e obvious b u r d e n of d e m o n s t r a t i n g that t h e c l a i m e d difference r a t h e r t h a n some o t h e r difference b e t w e e n t h e sites really c a u s e d t h e o u t c o m e ' . H e c o n c l u d e s t h a t 'one can n e v e r b e certain'. With manipulative experiments, however, provided t h a t the d e s i g n w a s a p p r o p r i a t e a n d d u e attention w a s g i v e n to potential artifacts ( H u l b e r g & Oliver 1980, Hurlbert 1984, U n d e r w o o d 1986), one can b e certain t h a t t h e manipulation h a s c a u s e d t h e outcome. In fact, nearly all of t h e problems discussed b y D i a m o n d (1986) a n d Miller (1986) result from flaws i n t h e d e s i g n or e x e c ution of particular manipulative e x p e r i m e n t s , r a t h e r t h a n i n the logic underlying t h e procedure. Clearly, t h e r e a r e situations in w h i c h field e x p e r i m e n t s a r e , for one r e a s o n o r a n o t h e r , impractical. It is, h o w e v e r , desira b l e t h a t i n s u c h situations t h e tentative n a t u r e of conclusions b e recognised, a n d d u e a n d careful consideration b e g i v e n to alternative hypotheses.
